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• collisions at 1.96 TeVcollisions at 1.96 TeV

•• Excellent Performance Excellent Performance 

•• PeakPeak Initial Initial Luminosity recent record:Luminosity recent record: 3.153.15
x 10x 1032 32 cmcm--2 2 ss--11

•• Challenge for Detectors, Triggers andChallenge for Detectors, Triggers and
ReconstructionsReconstructions

pp

•• The analyses presented in thisThe analyses presented in this
talk span from 1.35 to talk span from 1.35 to 2.8 fb2.8 fb--11

•• Currently on tape Currently on tape > 3.5> 3.5 fbfb--11

•• Plan to accumulate up 6 fbPlan to accumulate up 6 fb--11 in in 
2009, 8 fb2009, 8 fb--11 possible if 2010 possible if 2010 
extension approvedextension approved

•• x4 x4 –– x5 current datasetx5 current dataset
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Cross section of O (Cross section of O ( b) in b) in 
typical detector acceptancetypical detector acceptance
Pair produce (uncorrelated) all Pair produce (uncorrelated) all 
sort of bsort of b--hadrons (Bhadrons (Bu,du,d, B, Bss, B, Bcc, , 

bb……) ) 
Significant Lorentz Boost: Significant Lorentz Boost: 
<< > = P> = Pbb/M/Mbb~ 2~ 2
Hadronic enivronment : Hadronic enivronment : 

(pp)(pp)tottot= 60 mb= 60 mb
Multi purpose detectorMulti purpose detector

Cross section of O (nb)Cross section of O (nb)
Pair produce (correlated) only Pair produce (correlated) only 
BBu,du,d,    B,    Bss only at Y(5S) only at Y(5S) 
Small and fixed Lorentz Boost: Small and fixed Lorentz Boost: 

= 0.425 (Belle/KEK= 0.425 (Belle/KEK--B)B)
Extra clean enivronment and Extra clean enivronment and 
dedicated detectorsdedicated detectors
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CDF II Detector

• Tracker:  Tracker:  -- Silicon Vertex DetectorSilicon Vertex Detector
-- Drift ChambersDrift Chambers

•• Excellent Momentum ResolutionExcellent Momentum Resolution
•• Particle IDParticle ID: TOF and : TOF and dE/dxdE/dx

•• MuonMuon Coverage (Trigger) |Coverage (Trigger) | |<1|<1
•• Displaced vertex trigger (SVT)Displaced vertex trigger (SVT)

D Detector

• New L00New L00 installed in 2006!installed in 2006!

•• Solenoid: 2T, Solenoid: 2T, weekly reversed  polarityweekly reversed  polarity

•• Excellent Calorimetry and electron IDExcellent Calorimetry and electron ID

•• MuonMuon Coverage (Trigger)Coverage (Trigger) 22< .||
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Cannot overCannot over--enphasizeenphasize
Physics analysis at colliders start from triggering Physics analysis at colliders start from triggering 
the data!the data!
BB--physics program at CDF/Tevatron practically physics program at CDF/Tevatron practically 
run off the:run off the:

Displaced track triggerDisplaced track trigger
Track reconstruction at Level1Track reconstruction at Level1
Silicon Vertex Tracker at Level2  Silicon Vertex Tracker at Level2  
Kinematic selection Kinematic selection select hadronic Bselect hadronic B--decaysdecays

DiDi--muon trigger muon trigger 
Two identified muon identified at L1/L2/L3Two identified muon identified at L1/L2/L3
Select inculusive bbbar events and events with J/psiSelect inculusive bbbar events and events with J/psi
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CDF:CDF:
didi--muonmuon triggered triggered 
datadata

Two Two rapidity rapidity 
ranges: ranges: CMUCMU
|| |< 0.6, CMX 0.6 |< 0.6, CMX 0.6 
< |< | | < 1| < 1

ppTT(( )> 1.5 or )> 1.5 or 
2.02.0 GeV/cGeV/c

DDØØ::
Similar thresholdsSimilar thresholds

Greater rapidity acceptanceGreater rapidity acceptance

B search regionB h search region

Bs J/

ASL
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Online
Track
Impact
Param.

35 m 33 m
resol beam

47 m

Primary 
Vertex

Secondary 
Vertex

BDecay Length

Lxy

Lxy 450 m

PT(B) 5 GeV

d = impact parameter

Triggering on displaced vertex at CDF Triggering on displaced vertex at CDF 
using SVT, main novelty in Run I I , the using SVT, main novelty in Run I I , the 
hallhall--mark of CDF Run I I physics mark of CDF Run I I physics program:program:

Discovery of BDiscovery of Bss mixingmixing
CharmlessCharmless decaysdecays

BB discoverydiscovery

The necessary tool toThe necessary tool to get fully get fully 
reconstructed decays reconstructed decays hadronic b decays hadronic b decays 
usefuluseful for mixing (and other good stufffor mixing (and other good stuff……))

Main Trigger requires: 
2 opposite charge tracks,  
Pt 2 GeV/c, 
impact parameter |d0| > 120 µm 
Scalar pt sum > 5.5 GeV/c
Projected decay length Lxy > 200 µm
2° < < 90°

Add a dynamically prescaled LOWPT trigger with 
no opposite charge and no Pt sum to fill available 
bandwidth at low luminosity
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All three types of CP violation can be tested at All three types of CP violation can be tested at 
Tevatron:Tevatron:

Direct CP violation in beauty (and charm!) decaysDirect CP violation in beauty (and charm!) decays

CP violation through interference of mixing and CP violation through interference of mixing and 
decays in Bdecays in Bss J/J/

CP violation in mixing (semileptonic asymmetry)CP violation in mixing (semileptonic asymmetry)

Highlight result for the BHighlight result for the Bss sector in the following sector in the following 
(but B(but Bd,ud,u result are as good or better than at Bresult are as good or better than at B--
factories for several channels)factories for several channels)
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d,sd,s

Tree Tree –– Penguin amplitudes may generate sizeable direct Penguin amplitudes may generate sizeable direct 
CP violationCP violation
Sensitive to CKM angle Sensitive to CKM angle 
Theory predictions uncertain (strong phases)Theory predictions uncertain (strong phases)
Useful combining BUseful combining Bdd and Band Bss to test/use flavour to test/use flavour 
symmetries (Usymmetries (U--spin, SU(3) etc. ) spin, SU(3) etc. ) 
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d,sd,s
Large signal selected through the Large signal selected through the 
displaced track triggerdisplaced track trigger
Superposition of BSuperposition of Bdd KK , B, Bdd , , 
BBss KK, BKK, Bss KK + + bb(p(p /K)/K)
Need multidimensional unbinned Need multidimensional unbinned 
likelihood fit to kinematics + dE/dx likelihood fit to kinematics + dE/dx 
information to disentangle various information to disentangle various 
componentcomponent
Signal yield and resolution comparable Signal yield and resolution comparable 
to Bto B--factories (with 1 fbfactories (with 1 fb--11 of Tevatron of Tevatron 
data)data)
High precision measurementHigh precision measurement::

CPV in BCPV in Bdd KK AACPCP== --0.0860.086±±0.0230.023±±0.006 0.006 
(4050 ev.)(4050 ev.)

Compare to: Compare to: 
Babar Babar AACPCP== --0.1070.107±±0.018 +0.007 0.018 +0.007 --0.004 0.004 
(4400 ev.)(4400 ev.)
Belle  Belle  AACPCP== --0.0860.086±±0.0180.018±±0.008  (4100 ev.)0.008  (4100 ev.)

Systematics/detector asymmetries kept Systematics/detector asymmetries kept 
under control using also huge samples under control using also huge samples 
of kinematically similar Dof kinematically similar D00 hhhh’’ decaysdecays
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•• Compatible with Compatible with expectationexpectation [[ H.J.LipkinH.J.Lipkin, Phys. , Phys. LettLett. B . B 621621, 126 (, 126 (2005)2005)]]

s(d)s(d)

••With 1fbWith 1fb--1 1 first observation of Bfirst observation of Bss KK mode:mode:
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bb
Observation of charmless Observation of charmless bb decays:decays:

First hints of DCPV in barion decays (2First hints of DCPV in barion decays (2 )?)?

)(05.0)(17.003.0)p( syststatpA bCP

)(03.0)(17.037.0)( syststatpKA bCP
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CPCP ss
++ --

CDF has 1300 BCDF has 1300 Bss events events 
in 1fbin 1fb--11

Expect 25 Expect 25 m in m in BBss
lifetime determination (measure lifetime determination (measure 

L L in SM)in SM)
May reach O(30%) ACPMay reach O(30%) ACPmixmix at at 
the end of Run I Ithe end of Run I I

Fleischer:0705.1121 [hep-ph]

(CDF)

ct (cm)
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±± ±±

SignificantSignificant number of Bnumber of B±± DKDK±± events events 
(this analysis ~ 120 B(this analysis ~ 120 B DDCPCPK events)  K events)  
Cabibbo suppressed DCabibbo suppressed D00 decays (CP+ ) decays (CP+ ) 
firmly established: kinematics + PID firmly established: kinematics + PID 
separation, resolution as Bseparation, resolution as Babar/Belleabar/Belle

CDF contributing to CDF contributing to 
““ ”” via GLW method, via GLW method, 
now looking also for now looking also for 
double Cabibbo double Cabibbo 
suppressed Dsuppressed D00

modes for ADS modes for ADS 
methodmethod

Belle 90 ev.

arxiv:0804.2063
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Flavor Flavor eigenstateeigenstate Hamiltonian Hamiltonian eigenstateeigenstate
transitiontransition between meson and antibetween meson and anti--meson meson existsexists

Simplified Simplified SchroedingerSchroedinger equation describing mixing and decayequation describing mixing and decay
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MM1212 and and 1212 are the focus of CDF & Dare the focus of CDF & DØØ experiments in the Bexperiments in the Bss systemsystem
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The mass and lifetime The mass and lifetime eigenstateseigenstates (with (with 1212/M/M1212 < < 1)< < 1)
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1212 ss
Oscillation observed at CDF in 2006 Oscillation observed at CDF in 2006 
with 1fbwith 1fb--11 of data of data 

mmss known with great precision:known with great precision:

)((exp)0007.02060.0
||

||

07.0)(10.077.17

0081.0
0060.0-

1-

theor
V

V

psstatm

ts

td

s

33 significance (stat. only)  significance (stat. only)  
obtained at Dobtained at DØØ (2.4 fb(2.4 fb--11))

DDØØ note 5618:note 5618:

Consistent with CDF resultConsistent with CDF result

Comparision with SM prediction Comparision with SM prediction 
limited by lattice QCD uncertainty!limited by lattice QCD uncertainty!

1-)(30.0)(90.053.18 pssyststatms
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•• In the SM phase of the mixing amplitude In the SM phase of the mixing amplitude 
connected to the phase of CKM elements:connected to the phase of CKM elements:

MM=arg(VtbVts*)=arg(VtbVts*)22

•• In the Wolfenstain Parametrization (expandingIn the Wolfenstain Parametrization (expanding
in terms ofin terms of =sin(=sin( cc)~0.23 to O()~0.23 to O( ))

•• responsible for CP Violationresponsible for CP Violation 0 0 
implies CPVimplies CPV

Standard Model does not predict values for CKM elements:

CKM hyerarchy implies small CP violation in Bs mixing

( )

( )  O 6

42423

224252

342

CKM +

A1)]i+(21[A
2
1

+Ai1(1[A

A)A4+1(
2
1

1)]i+1[A+

iA
8
1

2
1

1

=V

2

1
---)]-)(

2

1
--

8

1
--2(-

2

1
-

---

2

Large CPV Suppressed CPV
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• Phase of the mixing amplitude is
poorly determined

• Both are needed to constrain New Physics:

sM 2i
12

i
1212 e|M|=e|M|=M ß-F

Large value of CP Violation phase M
is a clear sign of New Physics!

ss

MSM

MNP

MSM+MNP

Re M12

Im

•New Physics could likely contribute to 
B=2 transitions 

•CKM fit including ms/ md 
(unfortunately) very successful

•But the picture is not complete until also 
the phase has been constrained

j
NB: CDF and DØ use different notations   2 s(CDF) = - s(DØ)
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ss
CP violation in interference of CP violation in interference of 
decay with/without mixing in Bs decay with/without mixing in Bs 
decays to CP eigenstate final statedecays to CP eigenstate final state

sin2sin2 analoganalog

Contrary to the sin2Contrary to the sin2 case Bcase Bs s mixes mixes 
much faster much faster cannot show still cannot show still 
the asymmetry graficallythe asymmetry grafically

““SignalSignal”” appears as a time and CP appears as a time and CP 
dependent modulation of the dependent modulation of the 
exponential decayexponential decay

In the SM the modulation is In the SM the modulation is 
extremely tiny, the figure is extremely tiny, the figure is 
exageratedexagerated

Imperfect Tagging and Imperfect Tagging and 
experimental resolution on proper experimental resolution on proper 
time makes life very hard time makes life very hard 

(typical dilution but no proper time (typical dilution but no proper time 
smearing here)smearing here)

J/J/ is a mixture of CP eigenstate is a mixture of CP eigenstate need to be statistically separated need to be statistically separated 
through angular analysisthrough angular analysis
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1 Reconstruct decays from stable products:

• Bs J/ [ + -] [K+K-]

• Bd J/ [ + -] K*0[K+ -]  (control sample)

2. Measure lifetime ct = mB * Lxy/pT
•Proper time resolution essential to resolve 
oscillations

3. Measure decay angles in transversity base:

4. Identify  at production time:

•Flavor Tagging (Tag decision )

5. Perform maximum likelihood fit:

• Likelihood in m, ct,  w , 

ss BB /
),F,( TTw
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Signal Candidates:

•~2000 in 1.35 fb-1 (Tagged analysis)

•~2500 in 1.7 fb-1 (Untagged analysis) 

S/B~2

Signal Candidates:

•~2000 in 2.8 fb-1 (Tagged analysis)

S/B~0.5
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• Bs decays into admixture of CP eigenstates (L=0,2 CP even; L=1 CP odd); 
3 independent decay amplitude

•Using transverse polarization basis: A0, A// CP even ; A CP odd

interference terms allow sensitivity to CP violation in untagged (or 
poorly tagged) sample

• fi (i=1,…,6) encode the different angular distributions

)(||||

)()dcos(||||

)(||||)(||

)(||)(|
),(

60

5||||0

4||3-
2

2
2

||1
2

0

4

wfVAA

wfTAA

wfUAAwfTA

wfTAwfTA
wdtd

wtPd CP conserving strong 
phases

)arg(d 0
*
|||| AA

)arg(d 0
* AA

• Decay rate is a function of time, decay angles                             , initial Bs
flavor and parameters s, s

),F,( TTw
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)]2/tsinh()2cos()2/t[cosh(xe=T s
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± GßG-G
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)tmsin()2sin( ssß
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)PP(for  1(-1)+=],

Sensitivity to |sin(2 s)| remain in 
CPeven -CPodd interference terms 
in triple differential decay rate

CP conserving strong 
phases

)arg(d 0
*
|||| AA

)arg(d 0
* AA

Terms with ms dependence
flip sign with initial Bs flavor

Disappear summing Bs+Bs

(untagged strategy)
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Lifetime:

Decay Width:

ps)syst()stat(08.0±52.1= 01.0+
03.0s -t

108.0+
12.0s ps)syst(02.0±)stat(12.0= -

-G

ps)syst(02.0±)stat(04.0±52.1=st
1

s ps)syst(01.0±)stat(06.0±08.0= -G

World Best s , s PRL 100, 121803 (2008)

P
R

L 98, 121801 (2007)

ss ss

pssyststats )(01.0)(06.053.1t
1-01.0

02.0 )()(07.014.0G pssyststats

Superseeded by recent 2.8 fbSuperseeded by recent 2.8 fb--11 result:result:

Nicely consistent with Nicely consistent with dd(PDG) = 1.530(PDG) = 1.530±± 0.009 ps0.009 ps
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• Symmetry in the likelihood 4-fold ambiguity

• D quotes a point estimate:

• CDF observes irregular likelihood and biases in fit

Feldman-Cousins confidence region: SM probability pvalue=22% (1.2 )

--- Log(L)=1/2 (39% CL)

1
s ps)syst(02.0±)stat(09.0±17.0= -G

rad)syst()stat(56.0±79.0=2= 14.0+
01.0ss --ß-F

PRL 100, 121803 (2008) [arXiv:0712.2348] PRL 98, 121801 (2007)

ss
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• Soft Lepton Taggers

• Jet Charge Tagger

OST’s perform identically in Bu,d,s:
Calibrated in high statistics B+/B0 data

• Combined Performance:

EfficiencyEfficiency:            :            = 0.96 = 0.96 0.010.01
AverageAverage Dilution: D= 0.11 Dilution: D= 0.11 0.020.02

• Most powerful tagger available:

times more effective than combined OSTtimes more effective than combined OST

SSKT is different for B0, B+ and Bs:
SST needs to rely on MC simulation

• Performance:

EfficiencyEfficiency:            :            = 0.50 = 0.50 0.010.01
Average Dilution: D= 0.27 Average Dilution: D= 0.27 0.040.04

OST and SST combined independently
Overall D2 ~ 4%

Opposite Side TaggingOpposite Side Tagging

Same Side Same Side KaonKaon TaggingTagging

DØ performance similar:      
D~ 0.21  ~ 1
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•• TaggingTagging improves sensitivity to CP violation phase improves sensitivity to CP violation phase s s 

(provided oscillation can be resolved)(provided oscillation can be resolved)

•• Removes two of the 4Removes two of the 4--fold ambiguityfold ambiguity

•• Still two exact mirror solution due to strong phase Still two exact mirror solution due to strong phase 
ambiguity remainambiguity remain

d-pd

d-p2d

G -G

ß2-pß2

||||

ss

ss

• Likelihood: with tagging, gain sensitivity toLikelihood: with tagging, gain sensitivity to
both both |cos(2b|cos(2bss)|)| and and sin(2bsin(2bss)), rather than  , rather than  
only only |cos(2b|cos(2bss)|)| and and |sin(2b|sin(2bss)|)| (note absolute   (note absolute   
value)value)

•• ss -- ss nono longer a longer a symmetry thanks to symmetry thanks to 
sin(sin( mmsst) terms:t) terms:

44--fold ambiguity reduced to fold ambiguity reduced to 22--foldfold

2 lnL = 2.31 (68% CL)

2 lnL = 5.99 (95% CL)

2 s- s likelihood profile
from a single pseudo-exp

Untagged
Tagged

Untagged 

Tagged
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strong phases ambiguity:

0)d-dcos(

0)dcos(

||

Standard Model pvalue
= 15% (1.5 )

Standard Model Standard Model 
expectations:expectations:

s=0.096 0.039 ps-1

2 s = 0.04 0.01 rad

Perform an unbinned maximum likelihood fit to mass, ct and anglePerform an unbinned maximum likelihood fit to mass, ct and angles: 27 parameters total ! s: 27 parameters total ! 

•• Symmetries of the problem and low statistics means the likelihooSymmetries of the problem and low statistics means the likelihoodd contour does contour does notnot
have the correct have the correct coverage. coverage. 
•• Quoted confidence region is based on a modified Feldman Cousin Quoted confidence region is based on a modified Feldman Cousin profileprofile--likelihood likelihood 
ratio ordering with inclusion of systematic uncertainties.ratio ordering with inclusion of systematic uncertainties.

arXiv:hep-ph/0612167

PRL 100, 161802 (2008)
arXiv:0712.2397 [hep-ex]

0)d-dcos(

0)dcos(

||

Favored by factorization 
and Bd analog
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s is theoretically constrained: 

•Input s = 2| 12|cos s 2| 12|cos(2 s):
[ 12=0.048 0.018 - Nierste, Lenz, hep-ph/0612167]

0
2 s2 s in [0.24, 1.36] U [1.78, 2.90] at 68% C.L.
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Contraint Contraint 
ss== dd ±± 1%1%

Constraint strong Constraint strong 
phase to Bphase to Bdd J/J/ K*K*

BothBoth

Largest effect on Largest effect on s s ,and near ,and near ss== /4 ,likelihood near /4 ,likelihood near ss= 0 not = 0 not 
very sensitive (too bad)very sensitive (too bad)

2 s in [0.40, 1.20] at 68% C.L. 0
2 s
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•D : ~2000 Bs events with 2.8 fb-1

• Assume strong phase as measured in Bd J/ K* decays
•Combined Tagging Power D2 = (4.68 0.54)%    (NEW)

Standard Model pvalue = 
6.6%

arXiv: 0802.2255 [hep-ex]

rad)syst()stat(57.0=2=

ps)syst()stat(07.0±19.0=

ps)syst(01.0±)stat(06.0±52.1=

07.0+
02.0

24.0+
30.0ss

102.0+
01.0s

s

--

-
-

-ß-F

G

t
FIT inputs:

ms fixed to 17.77 ps-1

Gaussian constraint on Strong phases:

||=-0.46 ( )
=+2.92 ( /5)

Standard Model 
expectations:

s = 0.04 0.01 rad

(arXiv:hep-ph/0612167)

90% C.L. contours:

1
s

s

ps30.0<<06.0

rad06.0<2<20.1
-G

ß-

CDF 68% CL:

Constraining lifetime, 
strong phases and s



ss
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• CDF: 1.6 fb-1 of data collected (dimuon charge asymmetry):

)inputs(009.0±)syst(016.0±)stat(021.0±020.0=As
SL

(http://www-cdf.fnal.gov/physics/new/bottom/070816.blessed-acp-bsemil/)

• D : 1.0 fb-1 of data collected (dimuon charge asymmetry):

• D : 1.3 fb-1 of data collected (Bs semileptonic decays): 

2s
SL 10x)]syst(35.0±)stat(93.1±45.2[=A - PRL 98, 151801 (2007)

)syst+stat(0101.0±0064.0=As
SL - PRD 74, 092001 (2006)

s
s

ss
SL tan

m
=A F

G
• if M12/ >>1

ss

• Unofficial Tevatron combination: using common/updated inputs

)(0072.00054.0- syststatAs
SL

• Quite precise, compare with )(0055.00005.0- syststatAd
SL

)10()( 5SMAs
SL

http://www-cdf.fnal.gov/physics/new/bottom/070816.blessed-acp-bsemil/
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2

2

2
1

2
1

1

s

s

s

s

s
fs

Flavor specific modes: only accessible from Flavor specific modes: only accessible from 
either Beither Bss or antior anti--BBs s statestate
Light and Heavy state contributes both 50% Light and Heavy state contributes both 50% 
to the time evolutionto the time evolution
Fit to a single lifetime determine Fit to a single lifetime determine fsfs

Expected higher than 1/Expected higher than 1/ ss

HQET : HQET : ss== dd ±± O(1%)O(1%)

Recent high Recent high 
precision precision 
measurement from measurement from 
CDF using CDF using 
BBss DDss

(*)(*) DDss
(*)(*)

DDss final states using final states using 
1.3 fb1.3 fb--11
cc (B(Bss) = 455.0 ) = 455.0 ±±
12.2 (stat.) 12.2 (stat.) ±± 7.4 7.4 
(syst.) (syst.) µµm m 

www-cdf.fnal.gov/physics/new/bottom/080207.blessed-bs-lifetime
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PDG 08 average:PDG 08 average: 1.4171.417 ±± 0.042 ps0.042 ps
Slightly lower than recent Slightly lower than recent ss from from 
BBss J/J/ (1.52(1.52±±0.04 ps) 0.04 ps) and and dd

CDF hadronic more consistent CDF hadronic more consistent 
NaNaïïve average PDG07+ CDFII    ve average PDG07+ CDFII    
Current precision on Current precision on fsfs can be can be 
translated in a constraint on translated in a constraint on 

ss< 0.16 ps< 0.16 ps--11 at 1 at 1 
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pre tagged J/pre tagged J/ statusstatus

sB
s

i2

B
s

SM
effs

s
full
effs

eC=
BHB

BHB F

ms=CBs* ms
SM: Lattice-QCD dominated uncertainty

s= s
SM - Bs: Experimentally dominated uncertainty

UTfit inputs:

ms measurement (CDF)

Lifetime s (CDF and D )

s (CDF on 200 pb-1)

s and s (D on 1.1 fb-1)

Semileptonic ASL (D )
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ConstraintConstraint::

ss = 2|= 2| 1212|cos|cos ss 2|2| 1212|cos(2|cos(2 ss))
withwith (( 1212=0.048=0.048 0.0180.018):):
Strong phases fromStrong phases from J/J/ KK*0 *0 [[hephep--ex/0411016ex/0411016],],
BBdd lifetime [lifetime [PDGPDG] and] and ss 2|2| 1212|cos(2|cos(2 ss):):

CDF: 2 s [0.40, 1.20] @ 68% C.L

DØ:

UTfit conclusions:UTfit conclusions:

NP phase 3NP phase 3 from 0 (~from 0 (~--2020°°) with some  ) with some  
approximation in the treatment of experimental approximation in the treatment of experimental 
result has been usedresult has been used

TeVatron experiments working towards a TeVatron experiments working towards a 
combination combination withoutwithout approximations @ ICHEPapproximations @ ICHEP

28.046.0ß2 s

arXiv:0803.0659v1 [hep-ph]
Submitted to Phys. Rev. Lett.

SM
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(very preliminary)(very preliminary)

First step towards First step towards 
a TeVatron a TeVatron 
combination, combination, 
remove strong remove strong 
phase constraint in phase constraint in 
DDØØ fit !fit !
HFAG combination HFAG combination 
at ICHEPat ICHEP

w/o strong w/o strong 
phase constraint phase constraint 

Default fitDefault fit
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CKMfitter full fit 2.5 CKMfitter full fit 2.5 from SM from SM 
UTfit full fit 2.5 UTfit full fit 2.5 from SM from SM 
Bayesian magic?Bayesian magic?

DDØØ unconstrained fit!unconstrained fit!
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With no analysis improvements, and no external constraints, but With no analysis improvements, and no external constraints, but 
same signal yield and experimental resolution: same signal yield and experimental resolution: 

With 5(10) fbWith 5(10) fb--11each Tevatron experiment could reach a 3(5) each Tevatron experiment could reach a 3(5) 
significance if significance if ““ fluctuationfluctuation”” is realis real
10 fb10 fb--11 may also be viewed as a CDF+D0 combination with 5fbmay also be viewed as a CDF+D0 combination with 5fb--11

Expect >6 fbExpect >6 fb--11/experiment if TeVatron stops in 2009 and ~8 fb/experiment if TeVatron stops in 2009 and ~8 fb----11/ / 
experiment if 2010 running approvedexperiment if 2010 running approved

May do better adding further signals (triggers) or better tagginMay do better adding further signals (triggers) or better tagging g 
(underway)(underway)

( s) 4°­5°
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B(s) physics program at TeVatron very rich and still B(s) physics program at TeVatron very rich and still 
promising:promising:

Study Direct CP violation in BStudy Direct CP violation in Bd,ud,u, B, Bss and and bb

First ever flavor tagged measurement of J/First ever flavor tagged measurement of J/ rates this rates this 
winter from Tevatronwinter from Tevatron

Observe a (not yet) significant fluctuation towards large value Observe a (not yet) significant fluctuation towards large value of of 
sin(2sin(2 ss))

Make BMake Bss physics program at the Tevatron and LHCb even more physics program at the Tevatron and LHCb even more 
intriguingintriguing

CDF update with > 2* statistics and DCDF update with > 2* statistics and DØØ without constraints without constraints 
underway underway TeVatron averageTeVatron average
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Would be really nice to repeat 1999/2000 situation for Would be really nice to repeat 1999/2000 situation for 
sin2sin2 !!
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Trivial (?) trigger:Trivial (?) trigger:
Dimuons with invariant mass Dimuons with invariant mass 
cuts around J/cuts around J/ mass:mass:

PPtt >1.5 GeV at low >1.5 GeV at low 
luminosityluminosity
Increasingly restrictive at Increasingly restrictive at 
higher luminosityhigher luminosity

Significant bandwidth needed Significant bandwidth needed 
at high lumi (2E32 cmat high lumi (2E32 cm--22ss--11))

5 KHz (L1), 100 Hz (L2), 10 5 KHz (L1), 100 Hz (L2), 10 
Hz (3)Hz (3)

Offline selection:Offline selection:
CDF: Neural Network CDF: Neural Network 
selectionselection
DDØØ: cut based selection: cut based selection

NN Variables:

Bs: pT and vertex quality

J/ : pT and vertex quality

F: mass and vertex quality

K+ /K-: pT  and PID (TOF, dE/dx)
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•• MonteMonte Carlo Carlo used toused to determine determine acceptance in transversity angles, two acceptance in transversity angles, two 
different approaches attempted:   a) fitting to analytical modeldifferent approaches attempted:   a) fitting to analytical model b) binned b) binned 
acceptance. Obtained equivalent results.acceptance. Obtained equivalent results.

Efficiency in cos( ) Efficiency in Efficiency in cos( )

uncorrected for detector sculpting

A
cc

ep
ta

nc
e

D
at

a 
Fi

t 
Pr

oj
ec

tio
ns
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)(01.0)(06.097.2d

)(03.0)(08.096.2-d

)(006.0)(012.0211.0|)0(|

)(009.0)(009.0569.0|)0(|

µ)(6)(6456t

||

2

||

2

0

syststat

syststat

syststatA

syststatA

msyststatc

• Results for BResults for B00 J/J/ KK*0*0 in good agreement with in good agreement with BaBar, competitive uncertainties!BaBar, competitive uncertainties!

)(03.0)(05.096.2d

)(04.0)(08.093.2-d

)(006.0)(010.0211.0|)0(|

)(010.0)(009.0556.0|)0(|

||

2

||

2

0

syststat

syststat

syststatA

syststatA

Babar: 
Phys. Rev. D 76, 031102 (2007)

•• Acceptance corrected fit projectionsAcceptance corrected fit projections validatesvalidates treatment of detector acceptance!treatment of detector acceptance!

dd
* 0* 0

CDF
www-cdf.fnal.gov/physics/new/bottom/070830.blessed-BdPsiKS
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)(03.0)(05.096.2d

)(04.0)(08.093.2-d

)(006.0)(010.0211.0|)0(|

)(010.0)(009.0556.0|)0(|

||

2

||

2

0

syststat

syststat

syststatA

syststatA

Babar: 
Phys. Rev. D 76, 031102 (2007)
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••TheThe mean is of the sideband subtracted mean is of the sideband subtracted ctct resolution for a 4resolution for a 4--track vertex is   track vertex is   
25.0525.05 m (error returned by the vertex fit)m (error returned by the vertex fit)

•• Need toNeed to multiply by amultiply by a ct resolution scale factor determined ct resolution scale factor determined by fitting the by fitting the 
prompt peak :prompt peak : s = s = 1.261.26 ±± 0.02   (effect of non gaussian tails, charged particle 0.02   (effect of non gaussian tails, charged particle 
multiplicity etc,,,)multiplicity etc,,,)

•• Estimate an average resolution on proper time of 106 fs (with a Estimate an average resolution on proper time of 106 fs (with a most most 
probable value of 78probable value of 78 fs).fs).

background

signal
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)'ˆ,,G(

)ˆ,ˆ,Ĝ(
log),G(

ss

ss
s

L

L
R s

^ = parameters that maximize likelihood L

’ = nuisance parameters which maximize
L for a specific choice of s s

Use pseudo experiments to calculate:

RdRfp
Rdata

value ),G,( ss Plug-In
Method

Guarantees the frequentistic coverage of 
the quoted C.L. 
Takes into account non-asymptotic 
behaviour of likelihood, i.e. log(L) non-
parabolic, and possibility of large 
fluctuation of likelihood shape from 
experiment-to-experiment

Include systematics via an additional 
coverage adjustment varying nuisance 
parameters within 5 of their 
uncertainties and choosing worst case 
(higher P-value) to define the confidence 
regions
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90% CL range from 90% CL range from 
pseudoexperiment significantly pseudoexperiment significantly 
different from what obtained different from what obtained 
from likelihood profilefrom likelihood profile

rad

rad

s

s

10.010.1-   

vs06.020.1-
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